We investigated the effect of a water-soluble extract from Grifola frondosa , the maitake mushroom, on lipid droplets in brown adipocyte tissue (BAT) cells. This water-soluble extract inhibits the conversion of pre white adipocyte tissue (WAT) cells but does not inhibit that of pre BAT cells. It reduces the amount of accumulated triglycerides (TG) in BAT cells. The glycerol-3-phosphate dehydrogenase (GPDH) activities of BAT cells decreased, but the expression of uncoupling protein 1 (UCP1) levels increased. These results suggest that maitake extract inhibits TG accumulation-related energy metabolism. Key Words maitake ( Grifola frondosa ), water-soluble extract, adipocyte conversion, triglyceride (TG), uncoupling protein 1 (UCP1) Obesity affects several factors in abnormal metabolism; specifically it can induce metabolic syndrome, which can cause complications such as diabetes mellitus, hypertension and hyperlipemia ( 1-3 ). Therefore, prevention of obesity is very important.
Obesity affects several factors in abnormal metabolism; specifically it can induce metabolic syndrome, which can cause complications such as diabetes mellitus, hypertension and hyperlipemia (1) (2) (3) . Therefore, prevention of obesity is very important.
We have found that weight increase in SHR can be suppressed by a bioactive substance from maitake mushrooms ( 4 ) . This substance can even inhibit conversion of pre adipocyte to adipocyte in WAT cells. The fruit body of mushrooms has been shown to display many kinds of effects on living organisms (5) (6) (7) (8) . From maitake, we have separated a water-soluble bioactive substance that can inhibit adipocyte conversion. The isolated fraction inhibited GPDH activity, the secretion of leptin, accumulation of triglycerides, and expression of peroxisome proliferator-activated receptor ␥ (PPAR ␥ ), in white adipocyte tissue cells ( 9 , 10 ) .
Two types of adipose cells are present in adipose tissue, white adipocyte tissue (WAT) and brown adipocyte tissue (BAT). WAT stores energy as triglycerides. Another type of fat, BAT, has opposing physiological functions because it allows the dissipation instead of storage of energy.
In the present study, we investigated the fluctuation of TG in the brown adipocyte in reaction to a maitake water-soluble extract.
MATERIALS AND METHODS
Sample preparation. Maitake powder (10 g) was stirred in 10-fold distilled water for 3 h at room temperature, and then centrifuged at 14,000 ϫ g for 20 min at 4˚C. The supernatant was lyophilized (3.28 g) and used in experiments as water-soluble extract preparation. Before application to various experiments, the lyophilized powders were dissolved in 32.8 mL of distilled water. The resulting solution was filtered through a membrane filter with 0.45 m pore size (Millipore).
Cell culture. We used two types of adipocyte cells. The Brown adipocyte tissue cells were originally cloned from rats; the origin of WAT cells was mice. Brown adipocyte tissue (BAT) cells (Takara-bio Co.) and white adipocyte tissue (WAT) cells were inoculated (1.0 ϫ 10 5 cells/well) into 24-well plates and grown in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf serum (FCS), 50 units/mL penicillin, 50 g/mL streptomycin, and 1 mg/mL glucose (final concentration in medium 2 mg/mL) [normal DMEM-FCS].
The cultured cells were fed every 2 d and maintained at 37˚C under a humidified CO 2 -air (5 : 95) mixture gas until they became confluent. Adipocyte conversion was stimulated by feeding the cells DMEM-FCS containing 0.5 m M 1-methyl-3-isobutylxanthine (MIX), 0.25 M dexamethasone and 10 g/mL insulin. When the culture cells reached confluence, 40 L of sample solution and 360 L of induction medium were added to each well of the 24-well plates. After incubation for 2 d, the medium was changed to normal DMEM-FCS without bioactive substance and the cells were allowed to convert. These cells usually became converted and stored triacylglycerol, mature adipocytes within 1 wk (Fig. 1 , Control).
In the experiment on the transformation of lipid droplet size in BAT cells ( Oil Red O stain. The cultured cells on day 7 after induction into adipocytes in 90-mm dishes were stained with 2 mg/mL of Oil Red O in 40% isopropanol.
Measurement of triglycerides. The cells on several days after the induction of conversion were used to determine the content of triglycerides using Triglyceride E-Test Wako kit (Wako Pure Chemical Industries, Ltd.).
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Measurement of GPDH activity. The GPDH activity of the culture cells was assayed according to the method of Wise and Green ( 11 ) . In brief, culture cells on day 7 after induction into adipocytes in the plates were scraped with a policeman and collected by centrifugation. They were washed twice with 0.5 mL of 0.2 M triethanolamine-HCl buffer (pH 7.5). The cell pellets were resuspended in 0.5 mL of 0.2 M triethanolamine-HCl buffer (pH 7.5), and homogenized with a Dounce homogenizer. The homogenate was centrifuged at 12,000 ϫ g for 10 min at 4˚C. The supernatant was used for GPDH assay and its activity was expressed as percent of control.
Western blotting. The protein concentration of the cell lysate was adjusted to 50 g on each lane of SDS-PAGE, then electro-blotted onto polyvinylidenedifluoride membranes. For immunodetection of proteins, the membranes were blocked for 1 h at room temperature in 5% skim milk and 0.1% Tween 20 in TBS (150 m M NaCl, 20 m M Tris-HCl [pH 7.5]). The blots were then incubated with primary antibody, goat polyclonal anti-UCP1 (Santa Cruz Biotechnology, Inc.); rabbit polyclonal anti-GLUT4 (Santa Cruz Biotechnology, Inc.) in 5% skim milk and 0.1% Tween 20 in TBS for 1 h. After washing, the membranes were incubated with antigoat IgG; anti-rabbit IgG conjugated with horseradish 
RESULTS AND DISCUSSION

Effects of maitake water soluble extract on conversion of BAT cells
Adipocyte conversion is usually stimulated by a mixture of MIX, dexamethasone and insulin in BAT and WAT cells. But when the WAT cells are incubated with the water-soluble extract from maitake during the induction period, no conversion occurs ( 9 ) .
In the present study, we found that the water-soluble extract of maitake did not inhibit the conversion of BAT cells when a sample was added during the induction period (Fig. 1A) . Triglycerides accumulated in BAT cells after additional culture for 7 d both with and without the water-soluble extract. Figure 1B shows the measurement of triglyceride accumulation in each cell at that time.
Effect of water-soluble extract on lipid droplets (accumulated triglycerides) in BAT cells
We investigated the effect of the water-soluble bioactive extract on accumulated triglycerides in BAT cells. Figure 2A shows the light microscope photograph of triglyceride decrease in BAT cells with or without sample solution after Day 0 and Day 5. The lipid droplet has been identified by Oil Red O stain (data not shown). These pictures showed that lipid droplets decreased when incubated with maitake water-soluble extract. Figure 2B shows the accumulated triglyceride content of BAT cells. When the cells were incubated with the maitake sample, the accumulation of triglycerides decreased. BAT cells store energy as accumulations of triglycerides and dissipate energy as heat. It may be that maitake water-soluble extract enhanced the energy expenditure of BAT cells.
Effects of maitake water-soluble extract on UCP1 expression in BAT cells
Heat production by brown adipose cells is due to intense metabolic activity because of the presence of a large number of mitochondria and expression of UCP ( 12 ) . Figure 3 shows the UCP1 expression in BAT cells when the maitake extract was added. These pictures show that the UCP1 protein expression increased when continuously incubated with maitake extract. The results may suggest that energy expenditure is promoted in BAT cells by the maitake extract.
Effects of maitake water-soluble extract on GPDH activity in BAT cells
We investigated the effects on GPDH activity in BAT cells, one of the rate-limiting enzymes of fatty acid synthesis in metabolism. Figure 4 shows that the GPDH activity decreased when the water soluble extract was added continuously to BAT cells.
This result could be related to the fact that the fatty acid synthesis from glucose was suppressed when the maitake extract was continuously added to the BAT cells.
Effects of maitake-water soluble extract on glucose intake
We examined the expression of GLUT4 protein in the BAT cells as a glucose intake marker, because the lipid droplets of BAT mature cells decreased (Fig. 2) . Figure 5 shows the expression of GLUT4 protein increased. We think that the intake glucose uses another metabolism pathway, for example lactic synthesis in this phenomenon, more than the synthesis of TG. Further investigation will be needed. The maitake water-soluble extract can inhibit conversion of pre adipocyte to adipocyte in WAT cells ( 7 ) . But this effect did not occur in BAT cells (Fig. 1) . The decreasing of lipid droplets of mature cells was observed in BAT cells (Fig. 2) , but not observed in WAT cells, as shown in Fig. 6 .
In summary, the results from this study show 1) the maitake water-soluble extract decreased the lipid droplets of mature BAT cells. 2) But in the mature WAT cells, this phenomenon did not occur. 3) UCP1 protein may be related to one. 4) On the other hand, the cause of decreasing lipid droplet was not the inhibition of glucose intake. These phenomena suggest maitake extract promotes energy expenditure more than the synthesis of TG. Further studies on the energy consumption process are needed in detail.
This effect on BAT cells may be one of the causes of fat mass suppression ( 4 ) by the bioactive substance from the maitake water extract.
